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Objective: To identify modifiable risk factors of nosocomial pneumonia (NP) in
elderly patients post-cardiac surgery.
Design: A case-control study.
Setting: Post-operative intensive care unit of a tertiary-level university affiliated
hospital.
Subjects: Seventy three case-control pairs. Case patients referred to elderly
patients who developed pneumonia post-cardiac surgery. Controls subjects were
matched for age, gender, type of surgery, forced expiratory volume in 1 s (FEV1), and
ejection fraction.
Measurements: Baseline sociodemograpahic information, Charlson Comorbidity
Index score, intra- and post-operative data were collected. When suspected, the
presence of NP was confirmed by quantitative culture of protected bronchoalveolar
lavage fluid X103 colony forming unit/ml or positive blood/pleural fluid culture
identical to that recovered from respiratory samples.
Results: The incidence of NP in elderly post-heart surgery was 8.3%. The mean
duration after heart surgery to the occurrence of pneumonia was 7.274.9 days. Four
variables were found to be significantly related to the development of NP by
multivariate analysis: Charlson Index 42 (adjusted odds ratio [AOR] 4.7; 95%
confidence interval [CI], 1.9–11.4; Po0:001), reintubation (AOR 6.2; 95% CI,
1.1–36.1; P ¼ 0:04), transfusion X4 units of PRBC (AOR 2.8; 95% CI, 1.2–6.3;
P ¼ 0:01), and the mean equivalent daily dose of morphine (AOR 4.6; 95% CI,
1.4–14.6; P ¼ 0:01).Elsevier Ltd. All rights reserved.
8 3375; fax: +716 898 6139.
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A.A. El Solh et al.730Conclusions: Although there are limited effective measures to lessen the burden of
comorbidities, avoiding reintubation, finding a substitute to allogenic blood
transfusion, and improved assessment of pain management could reduce the rate
of NP in the post-operative period of cardiac surgery in the elderly population.
& 2005 Elsevier Ltd. All rights reserved.Introduction
The characteristics of patients undergoing heart
surgery have changed over time. Patients under-
going operations for coronary artery disease and
valve replacement or repair are now older with
serious comorbid diseases. Published data from the
Society of Thoracic Surgeons national database
indicates a gradual increase of the mean age of
patients undergoing coronary artery bypass grafting
(CABG) in the United States.1 Compared to their
younger counterparts, heart surgery in elderly
patients has been implicated in higher risk of
mortality, increased length of stay, and recurrent
pulmonary complications.2–6
Nosocomial pneumonia is often seen as a serious
complication in the post-operative period and long
term follow up.7,8 Several risk factors have been
identified in CABG patients that are common to
those with nosocomial infections and others that
are specific for this group. Age 465,9 broad
spectrum antibiotics,10 female sex,8 duration of
mechanical ventilation, and a high acute physiology
and chronic health evaluation (APACHE) II11 have all
been related to the development of NP post-CABG.
Yet, none of these investigations has examined the
reasons for the increased risk of NP post-cardiac
surgery in the elderly, nor compared them with
those of matched controls. Therefore, we have
conducted a case-control study applying uni- and
multi-variate analysis to identify potential modifi-
able risk factors for the development of NP in the
post-operative period of heart surgery in the
elderly.Methods
Study population
The study was approved by the Institutional Review
Board of the University at Buffalo which waived the
need for informed consent. From January 2000–De-
cember 2003, all patients aged 65 years and older
undergoing CABG, valve replacement surgery, or
both procedures at the Erie County Medical Center,
a tertiary care center affiliated with the Universityat Buffalo, were identified retrospectively from
an electronic database. The exclusion criteria
included those (1) who had a cardiac transplanta-
tion; (2) who were receiving immunosuppressive
agents (corticosteroids therapy of 20mg/day or
more, azathioprine, or cyclophosphamide); (3)
who underwent cardiac surgery of cardiopulmonary
bypass; (4) who had length of stay o48 h post-
surgery in a critical care unit; and (5) who
had an identifiable infection prior to surgery. All
cardiac procedures were performed by two cardi-
othoracic surgeons, three anesthesiologists, and
five critical care specialists according to uniform
standards.
Data collection
Baseline sociodemographic information and clinical
data at presentation were abstracted. These in-
cluded age, gender, body mass index (BMI), medica-
tions prior to admission, smoking history, pulmonary
function test, and ejection fraction (obtained by
echocardiography or left ventricular angiography).
The burden of comorbidities was assessed by the
Charlson Comorbidity Index12 at the time of admis-
sion. The Charlson comorbidity index assigns a
comorbidity score for 19 comorbid conditions, each
of which has an associated prognostic weight that
ranges from 1 to 6. Intraoperative data consisted
of the type of surgery (coronary grafting, valve
replacement, or both), the number of grafted
coronary arteries, and whether the surgery was
elective or urgent, the time of cardiopulmonary
bypass circulation, the need for blood transfusion
(RBC concentrates, plasma, platelets) and the
placement of intra-aortic balloon bump at the
conclusion of the surgery. Post-operative variables
included previous antibiotics, duration of mechan-
ical ventilation, mode and duration of continuous
sedation with benzodiazepine (midazolam), mean
equivalent daily dose of morphine,13 need for
reintubation, use of acid suppressing agents,
perioperative myocardial infarction defined as the
occurrence of myocardial infarction within 48h
post-cardiac surgery, new-onset central nervous
system dysfunction (altered mental status, delir-
ium, or motor deficits), swallowing dysfunction 24h
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Table 1 Criteria for blood transfusion in cardiothoracic surgery.
Packed RBC
1. Hemoglobin p8 g/dl
2. Hemoglobin 8–10 g/dl for normovolemic patients with clinical signs of myocardial, cerebral, or respiratory
dysfunction
3. Severe hemorrhage defined as bleeding 410ml/kg in the first hour or 5ml/kg in the first 3 h
Fresh frozen plasma
1. Evidence of hemorrhage with prothrombin time or partial thromboplastin time X1.5 times that of control
subjects
2. Massive transfusion of packed RBC (46 units within 6 h)
3. Previous treatment with coumarin derivatives surgery requiring emergent surgery
Platelets
1. Evidence of hemorrhage and acquired platelet dysfunction
2. Evidence of hemorrhage and platelet count o100 109/l
3. Massive transfusion of packed RBC (46 units within 6 h)
Pneumonia post surgery in the elderly 731post-extubation as determined by a bedside test,14
duration of nasogastric tube feeding, and the
need for blood transfusions. The criteria for
transfusion were based on previously published
guidelines (Table 1),15,16 however, the ultimate
decision for transfusion was made by the physician
in charge of patient’s care. Outcome was reported
at hospital discharge. Admission and discharge
decisions were made by the primary health care
provider.Definitions
Cases were defined as those patients who had
documented NP post-cardiac surgery. Nosocomial
pneumonia was considered present when new
pulmonary infiltrates not otherwise explained
appeared on chest radiographs in the presence
of the following criteria: (1) fever 438 1C; (2)
peripheral leukocyte count 412,000 cells/mm3 or
leukopenia p3000 cells/mm3; (3) positive pleural/
blood culture findings for the same organism as that
recovered from purulent tracheal aspirate or
sputum as evidenced by Gram’s stain showing
425 neutrophils ando10 epithelial cells per field;
or a positive quantitative culture of a sample of the
lower respiratory tract obtained by protected
bronchoalveolar lavage X103 colony forming
units/ml.17–19 Clinical diagnosis was not considered
as criteria for a ‘‘case’’ definition unless a micro-
biologic diagnosis was established.
Controls were defined as those patients who did
not develop nosocomial infection post-cardiac
surgery. Control were matched to cases for age
(75 years), gender, date of cardiothoracic unitadmission (77 days), type of surgery (CABG, valve
replacement, or both), forced expiratory volume in
1 s (FEV1750ml), and ejection fraction prior to the
procedure (75%).
Previous antibiotics refers to the prophylactic
dose of cefazolin (1 g/8 h intravenously for 2 days)
given during the immediate pre-operative period.
Statistical analysis
Descriptive analysis was performed using the NCSS
2000 software (NCSS Statistical Analysis System,
Kaysville, UT). Missing values were encountered at
less than 4% of the total population sample.
Multiple regression models of available variables
were utilized to predict missing values as described
by Little and Rubin.20 Means were compared using
the Student’s t-test when normally distributed and
the Mann-Whitney test otherwise. Proportions were
compared using the w2-test with Yates correction or
Fisher’s exact test when necessary. Variables found
significant at Pp0:05 in bivariate analysis were
entered into a stepwise, forward, multivariable
logistic model. The variance inflation factor was
used to check for multicollinearity. All tests were
two tailed and statistical significance was deter-
mined at the 5% level.Results
A total of 876 elderly patients underwent cardiac
surgery during the enrollment period. Five hundred
seventeen (59%) had coronary revascularization
surgery, 298 (34%) required valve replacement,
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Table 2 Characteristics of the study population.
Elderly with NP (n ¼ 73) Elderly without NP (n ¼ 73) P value
Sociodemographic variables
Age (yr) 73.775.3 74.875.5 0.25
BMI (kg/m2) 27.975.8 28.576.4 0.68
Smoking history (pack years) 24.3729.4 28.8725.6 0.32
FEV1 (ml) 1.9370.68 1.9470.8 0.9
Ejection fraction (%) 49.0711.2 48.1711.4 0.61
Charlson Index 2.6871.6 1.6771.2 o0.001
Perioperative variables
Elective surgery, n (%) 51 (70%) 54 (74%) 0.71
Operation time (min) 293.27105.8 267.5763.9 0.08
Time of CPB (min) 116.3759.0 97.2729.1 0.01
Number of grafts 2.570.9 2.470.7 0.51
Post-operative variables
Duration of intubation (h) 59.0792.7 39.4787.3 0.19
DT of continuous sedation (g h) 1367112 957109 0.34
Nasogastric tube 448 h, n (%) 15 (21%) 4 (5%) 0.01
Swallowing dysfunction, n (%) 16 (22%) 5 (7%) 0.02
CNS dysfunction, n (%) 7 (10%) 3 (4%) 0.3
Reintubation, n (%) 13 (18%) 2 (3%) 0.006
RBC transfusion, units 6.978.2 3.874.0 o0.001
Length of storage of transfused RBC, days 8.477.5 6.976.4 0.08
Plasma transfusion (units) 1.973.8 1.871.7 0.83
Platelet transfusion (units) 1.372.4 1.371.4 1.0
IABP, n (%) 9 (12%) 8 (11%) 1.0
Perioperative myocardial infarction, n (%) 2 (3%) 0 0.9
Mean equivalent daily dose of morphine (mg) 76.5782.4 15.2719.4 o0.001
Previous antibiotics, n (%) 73 (100%) 69 (95%) 0.1
Acid suppressing agents, n (%) 73 (100%) 72 (99%) 1.0
A.A. El Solh et al.732and 61 (7%) underwent mixed surgery (CABG+valve
replacement). Seventy-three patients (53 males
and 20 females) developed NP post-operatively
for a cumulative incidence of 8.3%. Characteristics
of the study subjects are summarized in Table 2.
All patients received the same standard of care
including routine oral care and treatment in the
semirecumbent position. There were no significant
differences between cases and controls with
regard to age, BMI, smoking history, smoking
cessation within 2 months prior to surgery, ejection
fraction, or FEV1, however, elderly patients who
developed pneumonia had higher prevalence of
comorbid illnesses compared to those who did not.
In particular, COPD (44% versus 19%; P ¼ 0:01), and
diabetes mellitus (36% versus 14%; P ¼ 0:004) were
more frequently observed in cases than controls. Of
those using chronic steroid therapy pre-operatively,
there was no significant difference between cases
and controls although there was a higher frequency
of cases on steroid therapy than controls (9 (12%)
versus 2 (3%); P ¼ 0:06).Perioperative data are shown in Table 2. There
was no difference in the number of cases who
underwent emergency heart surgery in both groups
(30% in cases compared to 26% for controls;
P ¼ 0:71). The operation time was also comparable
although the cardiopulmonary bypass time was
significantly longer for those who developed pneu-
monia (P ¼ 0:01). The mean number of grafts had
no impact on the occurrence of pneumonia neither
the use of internal mammary arteries. The dose
time (DT) product of continuous intravenous mid-
azolam used during the post-operative period was
not different between cases and controls; however,
elderly patients who developed pneumonia post-
surgery received significantly higher mean equiva-
lent daily dose of morphine compared to those who
did not (Po0:001).
Seven patients developed pneumonia while being
mechanically ventilated while 13 cases and two
controls required reintubation for hypoxic respira-
tory failure (P ¼ 0:006). The duration of mechan-
ical ventilation following reintubation ranged from
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Table 3 Pathogens responsible for nosocomial pneumonia.
Pathogens (n ¼ 76)
Streptococcus aureus 11 (14%)
Streptococcus species 4 (5%)
Haemophilus influenzae 6 (7%)
Klebsiella species 10 (14%)
Escherichia coli 5 (7%)
Serratia marcescens 10 (14%)
Citrobacter freundii 2 (3%)
Enterobacter species 13 (18%)
Pseudomonas aeruginosa 6 (7%)
Acinetobacter baumannii 3 (4%)
Strenotrophomonas maltophilia 6 (7%)
Pneumonia post surgery in the elderly 7333 to 7 days. Of the 15 patients required reintuba-
tion, six underwent a tracheostomy. The mean
duration after heart surgery to the occurrence of
pneumonia was 7.274.9 days.
Overall, 76 pathogens were isolated (Table 3).
Seven organisms were isolated concomitantly in
blood. Gram-negative enteric bacilli accounted for
53% of all isolates. Twenty-three percent had drug
resistant isolates (methicillin-resistant Staphylo-
coccus aureus (n ¼ 7), Pseudomonas aeruginosa
(n ¼ 6), Acinetobacter baumannii (n ¼ 4), and
Strenotrophomonas maltophilia (n ¼ 3). Polymicro-
bial infection was reported in three cases (S.
aureus plus S. maltophilia (n ¼ 2) and P. aeruginosa
plus S. maltophilia (n ¼ 1)). Initial antimicrobial
therapy was prescribed according to the American
Thoracic Society guidelines for the treatment of
NP.21 Nine patients were deemed to have received
initial inadequate coverage once the cultures of the
respiratory samples were available.
Risk factors implicated in the development of
post-operative pneumonia by univariate analysis
included the burden of comorbidities, the time on
the cardiopulmonary bypass machine, the duration
of nasogastric tube placement, swallowing dysfunc-
tion 24 h post-extubation, reintubation, the mean
equivalent daily dose of morphine post-surgery, and
the number of transfused packed RBC. Previous use
of antibiotics and use of acid suppressing agents
were not significantly different between both
groups. After adjusting for multicollinearity, four
variables were found to be significantly related to
the development of NP by multivariate analysis:
Charlson Index 42 (adjusted odds ratio [AOR] 4.7;
95% confidence interval [CI], 1.9–11.4; Po0:001),
reintubation (AOR 6.2; 95% CI, 1.1–36.1; P ¼ 0:04),
transfusion X4 units of PRBC (AOR 2.8; 95% CI,
1.2–6.3; P ¼ 0:01), and the mean equivalent dailydose of morphine (AOR 4.6; 95% CI, 1.4–14.6;
P ¼ 0:01).
The crude mortality was significantly higher for
patients with NP (18% [13 out of 73]) compared to
controls (5% [4 out of 73]) (P ¼ 0:04). Similarly, the
length of ICU stay for those who survived was
significantly longer for those who developed pneu-
monia than those who did not (16.2711.7 versus
4.972.7 days; Po0:001).Discussion
Advances in surgical techniques and perioperative
care have substantially reduced cardiac surgery
related mortality. However, the existing data in the
literature on elderly patients who develop pneu-
monia post-cardiac surgery is somewhat limited
compared to the overall population. The reported
incidence of NP post-CABG varies between 2% and
21.6% in most series.22,23 This wide range in the
incidence rates is attributed to the difference in
the characteristics of the study population and the
diagnostic criteria used to define nosocomial
pneumonia. Using standard techniques, our inci-
dence rate of 8.3% was comparable to other
investigations with the diagnosis of NP based on
the microbiological culture of specimens collected
by mini-bronchoalveolar lavage.24
Previous studies have identified female sex,8
age,9 and previous antibiotics use10 as risk
factors for NP. While both age and gender are
not amenable for therapeutic intervention, the
use of prior antibiotics was comparable between
groups. Our study has identified three potentially
modifiable risk factors that could reduce the
occurrence of NP in the elderly population post-
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reintubation, transfusion of X4 units of PRBC, and
mean equivalent daily dose of morphine as major
determinants of lower respiratory tract infection.
Torres and colleagues25 reported that reintubation
was among the most significant risk factors for NP,
with a six-fold risk increase compared to matched
controls. Reintubation can introduce colonized
oropharyngeal secretions into the lower airways.26
Following extubation, altered glottic function
could lead to aspiration of a large inoculum of
bacterial pathogens that could easily overwhelm
the host defenses. Similarly, trauma related to
the inflated tube cuff after unplanned extubation,
body position, and presence of a nasogastric tube
during the extubation period27 have all been found
to play an important role in the occurrence of
pneumonia following extubation. In recent years,
non-invasive-ventilation has been successfully used
in various forms of acute respiratory failure. Meta-
analyses of randomized, controlled trials of non-
invasive positive pressure ventilation (NPPV) in
patients with acute respiratory failure have con-
cluded that NPPV reduces mortality, length of
hospital stay, and the need for mechanical ventila-
tion.28,29 Yet, there has been a paucity of trials
looking at the outcome of applying NPPV in patients
with respiratory failure following heart surgery. In a
non-randomized study involving 15 patients who
developed respiratory deterioration following cor-
onary revascularization, NPPV averted reintubation
in 60% of the cases with no serious events
reported.30 None of the subjects in our study
received NPPV prior to reintubation; however,
future protocols should investigate the role of this
modality in the management of elderly patients
post-cardiac surgery.
The second factor that has been implicated in
the occurrence of NP in elderly patients following
heart surgery was the need for blood transfusion.
Our results corroborate previous studies that
homologous blood transfusion is indeed a significant
risk factor for post-operative pneumonia.31,32 Nu-
merous theories of how transfusion may induce
immunomodulation are currently under investiga-
tion.33–35 Most of the data concerns the altered
function of macrophages. It has been shown that
post-blood-transfusion macrophages have de-
creased migratory ability in response to chemotac-
tic stimuli and that macrophages after transfusion
have increased production of prostaglandin E2.33
This increased level of prostaglandin E2 results in
decreased activity of antigen presenting cells,
decreased production of interleukin 2 and de-
creased receptor mediated interleukin 2 re-
sponse.34 Regardless of the specific mechanism ofimmunomodulation it was concluded that patients
incur increased morbidity and increased length of
hospital stay secondary to post-operative infec-
tions. Prospective studies comparing autologous
versus homologous transfusion infection rates are
lacking but necessary. An analysis of the increased
cost of autologous blood donation should be
compared with the potential costsavings of lower
infection rates which should translate into de-
creased post-operative length of hospitalization.
Longer storage of transfused RBCs has also been
associated with higher incidence of post-operative
infection after coronary artery bypass surgery,36 as
well as with poorer outcomes in critically ill
patients.37,38 The deleterious effect of stored blood
may be due to accumulation upon storage of
leukocyte-derived inflammation mediators or to
depleted levels of 2,3-diphosphoglycerate and
decreased deformability of stored RBCs, both
impairing oxygen delivery to the tissues. A recent
protocol that was implemented in our health care
system directing fresh RBC toward heart surgery
might have been responsible for the lack of a
significant difference in the incidence of NP in our
patient population vis-a`-vis the age of blood
transfused although other factors like shortage of
blood supply and selection bias could have ac-
counted for our observation.
The association between higher mean equivalent
daily dose of morphine after extubation and NP in
our study emphasizes the need for regular assess-
ment of pain using easily interpretable pain
scale. It is recognized that conscious and inter-
active post-operative patients have a varying
threshold for reporting the presence of pain to
their caregivers. The elderly patients, in particular,
are at high risk for seemingly underreporting or
overreporting pain. As a result, undermedication or
overmedication can carry serious consequences on
the recovery of these patients post-heart surgery.
Respiratory depression, decrease alertness, and
gastric atony are recognizable side effects of
excessive opioids use and when used in subjects
with underlying comorbidities alone or in combina-
tion with other sedatives, aspiration of colonized
oropharyngeal secretions could lead to NP. The use
of word scales like ‘‘mild, moderate, or severe,’’
the 0–10 scale, and the happy-to-sad faces
scale may work best for elderly patients39 and
should be used whenever possible. In a novel
approach, the addition of intrathecal opioids prior
to induction of anesthesia in patients undergoing
cardiac surgery increases the quality of pain control
during intraoperative and early post-operative
periods and decreases pain-related post-operative
complications.40
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Pneumonia post surgery in the elderly 735Although age cannot be disregarded at the time
of heart surgery, short-term and long-term prog-
nosis are influenced not only by the physiologic
nature of aging but also by associated diseases.
Since our ability to reduce the burden of comorbid-
ities is limited, future research ought to focus
on avoiding reintubation, finding a substitute to
allogenic blood transfusion, and improved assess-
ment of pain management.Acknowledgment
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